INTRODUCTION
Seasonal variations of fish assemblages in shallow-water sandy beaches have been studied by several authors, mainly in the Atlantic and Indian Oceans (e.g. NASH, 1988; WRIGHT, 1988; ALI and HUSSAIN, 1990; SANTOS and NASH, 1995; NASH and SANTOS, 1998; LAZZARI et al., 1999) . The general ecology of sandy beaches was thoroughly and comprehensively described by BROWN and MCLACHLAN (1990) . According to BEYST et al. (2001) temporal variation of epibenthic surfzone fish fauna is well documented. However, the factors that influence or control these variations are still unclear (CLARK et al., 1996) . Fish aggregations in sandy beaches include a high richness in species (between 27 and 71). Some of these are numerically dominant due to the fact that they occur in large schools (BROWN and MCLACHLAN, 1990) . Biomass structure, however, tends to be more equilibrated since solitary species generally occur as adult, bigger individuals. Nevertheless, seasonal and annual fluctuations in species richness and composition seem to be typical of fish communities of sandy beaches (e.g. BROWN and MCLACHLAN, 1990; HOOK, 1991) . Shallow water areas are known to constitute important feeding and nursery grounds for many fish species (MC-ERLEAN et al., 1973; BENNETT, 1989; BROWN and MAC-LACHLAN, 1990; SANTOS et al., 1994) and have been studied in several places (e.g. SANTOS and NASH, 1995; VARGAS and SIELFELD, 1997 ; ARAÚ JO and COSTA DE AZEVEDO, 2001) .
The southern Brazilian State of Santa Catarina has many sandy beaches interspersed with rocky shores. Beaches are either sheltered or exposed but are generally heavily exploited by tourism, urbanisation and shellfish farming. The fish communities of Santa Catarina's sandy beaches were never described or analysed in their multiple components. Our objectives were: i) to describe the fish community of this particular sandy beach, since it is characteristic of Santa Catarina's littoral and may be important as a nursery and feeding ground for an important group of species; ii) analyse temporal variations in the community and the influence of main abiotic factors such as temperature and salinity, which are known to be important regulating factors in fish assemblages from sandy beaches (LAZZARI et al., 1999) .
This study provides a description of the seasonal fluctuations in a shallow-water, sandy beach fish assemblage, comparing this with other studies undertaken elsewhere in the Atlantic Ocean. 
METHODS

Study Site
Santa Catarina has a 390 km long shoreline which is characterized by many sheltered bays with sandy beaches interspersed with rocky formations. Several rivers outflow to the shores, thus creating important estuaries and mangrove forests. Tourism and shellfish culture are widespread industries and greatly modified substantial parts of the littoral. This study was carried out in Canto Grande beach (CG) ( Figure  1 ). This is a 600 m long sandy beach, sheltered and intensively used by tourism and for shellfish culture (Perna perna, Ostrea puelchana and Crassostrea rizophorae), and has the most important human settlement of the area. The beach is located at the southernmost tip of the Bombinhas peninsula (27Њ08Ј S, 48Њ30Ј W), facing south, approximately 30 km north of Santa Catarina island and is representative of Santa Catarina's seashore. Canto Grande beach is formed by fine grain sand and important deposits of shellfish. Both east and west borders of the beach are rocky. The maximum tidal range is 1 m and maximum depth is 3 m. Although there is a substantial lack of data on pollution and eutrophication of Santa Catarina's shores, it is known that metals (Cu, Cr and Zn) are found in Canto Grande's mussels as a result of the increase of human settlement. These values are, however, below the legal limits (ROQUE and KUROSHIMA, 2000) .
Collection of Data
Sampling was undertaken with a 30 m beach seine, 2 m high in the tips and 3 m high in the middle. The mesh is 10 mm. The beach seine was fitted with 50 m hauling ropes and set parallel to the shore. Each haul had an effective fishing area between 3 m depth and the shore, allowing for efficiency at the wings of about 1036 m 2 (according to the calculation method of KUBECKA and BOHM, 1991) . Three hauls (3108 m 2 ) of the beach seine were made at 3 h intervals for 24 h on each sampling date, coinciding with high, mid-falling, low and mid-rising tide (diel and tidal changes in the fish community will be treated elsewhere- BARREIROS et al., in prep.) . Seasurface temperature and salinity were measured during all sampling dates, immediately before each collection.
The total number of individuals and total weight for each species was recorded. The total lengths (to the nearest mm) and individual wet weights (to the nearest g) (using a subsample of up to 200 individuals when necessary) were recorded for each sample. The three samples at each sampling time were summed to give one total following the methodology used by SANTOS and NASH (1995) . Average catches were calculated as the number and grams (g) of fish 1000 m Differences over the year between biomass, number of individuals, (HЈ) and (JЈ) were tested with paired t-tests.
The percent similarity between successive months was calculated using the Jaccard Coefficient (C J ) by comparing pairs of samples based on the presence and number of species in each sample (MAGURRAN, 1988) :
in which, j ϭ number of species from both samples, a ϭ number of species from sample A and b ϭ number of species from sample B.
All ecological analyses were performed using the software Biodiversity Professional v. 1997. All statistics (t-tests and Spearman rank correlations) were performed using Statistica for Windows, vs. 3.0.
RESULTS
Sea-Surface Temperature
Over the sampling period temperatures varied between 16.3ЊC (July) and 26.2ЊC (December), which correspond to the averages verified in the northern part of Santa Catarina (SEGE, 1991) .
Salinity
Salinity varied between a minimum of 27.4 (February) and a maximum of 33.8 (December). Intense rains and river outflow are interpreted as the cause for a drop in salinity verified in February.
Fish Assemblage
Sixty-seven species were caught yielding 9370 fish or 77943.55 g (Table 1 ). This constitutes a yearly average of 62.8 fish 1000 m Ϫ2 or 522 g 1000 m
Ϫ2
. Over the sampling periods, estimated density was highest in February (257.6 fish 1000 m
) and lowest in December (60.9 fish 1000 m Ϫ2 ). Biomass followed the same pattern with a maximum in February (2286.4 g 1000 m
) and a minimum in December (366.8 g 1000 m
). The fish assemblage of CG was numerically dominated by Lycengraulis grossidens (21.5%), Harengula clupeola (11.6%) and Atherinella brasiliensis (11.1%). In terms of biomass, the most important species were Trichiurus lepturus (13.2%), Brevoortia pectinata (12.4%) and Hemiramphus brasiliensis (10.0%). Seven species, belonging to three families, corresponded to 70.4% of the number of fish caught: Atherinella brasiliensis (Atherinidae-11.1%); Brevoortia pectinata, Harengula clupeola and Sardinella brasiliensis (Clupeidae-26.4%); Anchoviella lepidontostole, Cetengraulis edentulus and Lycengraulis grossidens (32.9%). Most speciose families were: Carangidae (9 species), Sciaenidae (6) and Clupeidae (5).
Of the species caught only five can be considered as typical residents of sandy bottoms: Mullus argentinae and Pseudupeneus maculatus (Mullidae), Citharichthys spilopterus (Paralichthyidae) and Synodus foetens (Synodontidae). However, they occurred in very low numbers as these are bottom-dwelling species, and the sampling method was inadequate for such a category (see discussion).
As to biomass, nine species, belonging to six families, corresponded to 68.9% of all biomass obtained: A. brasiliensis (Atherinidae), B. pectinata, H. clupeola, S. brasiliensis (Clupeidae), L. grossidens (Engraulidae), Hemiramphus brasiliensis (Hemiramphidae), Pomatomus saltatrix (Pomatomidae), Isopisthus parvipinnis (Sciaenidae) and Trichiurus lepturus (Trichiuridae). Both density and average biomass of these most important species were low (Tables 2 and 3) .
Number of Species
With the exception of the correlation with salinity (see below), no clear pattern in the number of species caught at CG was visible. February, with 38 species was the maximum and December, with 21, the minimum. In the other months, the number of species varied between 29 and 36. There was a negative and significant correlation between salinity and the number of species (r s ϭ Ϫ0.890, p Ͻ 0.05) (Figure 2 ).
Density and Biomass
The same pattern was observed for both density and biomass. Total number of individuals and total biomass was highest in February and lowest in December. Maximum density occurred just after the lowest value of December and just after the maximum temperature and salinity (Figure 3) . However, the correlation between them was not significant. Biomass was negatively correlated with salinity (r s ϭ Ϫ0.820, p Ͻ 0.05) (Figure 4) , and its February peak was due to high catches of Trichiurus lepturus during that period.
Although there were no significant differences (p Ͼ 0.05) between densities over the year, differences in biomass were significant (Table 4) in winter and spring months.
Seasonal Occurrence of Fish Species
Nine species were particularly important in the CG community and had a major influence in the total number of individuals occurring in each sample. April was dominated by Atherinella brasiliensis with an importance of 34.7% of the total. In July, the community was thoroughly dominated by Lycengraulis grossidens (40.5%) but with an isolated influx of the predator Pomatomus saltator (20.0% 
Species Diversity (H) and Evenness (J)
Diversity showed a positive correlation with sea-surface temperature (r s ϭ 0.943, p Ͻ 0.01) ( Figure 5 ). Highest diversity coincided with maximum values of temperature and salinity. This parameter was not correlated with the number of individuals. The low values of HЈ during the winter months (July and August) are due to low richness and to high dominance respectively from one to two species. This is also shown by the Berger-Parker analysis (Table 5) in which the abundance of the dominant species is clearly higher in winter months. The peak of December reflects an increase in the number of dominant species and the February decrease is due to the large influx of both Sardinella brasiliensis and Cetengraulis edentulus into the community.
Evenness was generally moderately high (Ͼ0.4) which reflects the low level of dominance in the assemblage. Equitability was lowest in winter due to a decrease in the number of dominant species, and showed a perfect correlation with temperature (r s ϭ 1,000) ( Figure 6 ).
Neither HЈ nor JЈ showed significant differences (p Ͼ 0.05) over the year.
Percent Similarity
Similarity between adjacent samples was always around 50% ( Figure 7) . The pairs April/February and October/December clustered more closely than the winter months (July/ August). All months had a different set of species, which explains the low similarities recorded. The large influx of newcomers in February, namely Anchoviella lepidontostole and Cetengraulis edentulus and the increased catches of both Sardinella brasiliensis and Trichiurus lepturus were the main reasons for the differences then recorded.
DISCUSSION
The fish assemblage in Canto Grande beach is disturbed by human activities, especially in summer with a great increase in the number of visitors. Marine culture of shellfish (oysters and mussels) are a major disruption cause that adds significant quantities of organic matter to the environment and are known to cause a serious impact on the granulometry and physical characteristics of the substrate (SCHETTINI, 1997).
As seen in other similar beaches from the Atlantic (see SANTOS and NASH, 1995) , CG undergoes a strong seasonal change in abundance and especially in biomass values. Our sampling strategy, while covering all tidal states and diel cycles, gives us a fairly good descriptor of the community.
Biomass and abundance in CG are inferior to those observed in more tropical regions (see ROSS et al., 1987) but remain comparable to more temperate regions. In our site, greatest values of both biomass, abundance and richness are from summer months, as it happens in other temperate regions (e.g. NASH, 1988; WRIGHT, 1988; BENNETT, 1989; PES-SANHA et al., 1999) . This is a known and expected fact-generally, greater abundances and diversity occur in late spring and summer (BROWN and MACLACHLAN, 1990) due to the influx of juveniles of both resident and transient species following their breeding seasons (GIBSON and YOSHIYAMA, 1999) . On the other hand, the reduction in density and diversity verified in autumn and winter samples is probably a result of offshore migration of fish, as seen in most temperate regions (GIBSON, 1999) . Although there is no a clear trend, this fish assemblage, being dominated by schools of pelagic species, shows a relatively high level of equitability throughout the year. As considered by SANTOS and NASH (1995) this is just the opposite of what generally occurs in shallow-water areas from temperate to subtropical zones.
The fish assemblage of CG has a high number of species (67). BROWN and MACLACHLAN (1990) indicate that sandy beaches usually have between 27 and 71 species. As recorded for other areas, CG seems to have a number of species that is intermediate between colder temperate areas and tropical ones: e.g. 24 species in Scotland (GIBSON and EZZI, 1987) , 20 species in Cape, South Africa (BENNETT, 1989) , 18 species in Nova Scotia (BLACK and MILLER, 1991) , 24 species in the Azores (SANTOS and NASH, 1995) and in a set of Belgian beaches (BEYST et al., 2001) , 75 species in Igarapés, northeastern Brazil (CASTRO, 1999) , and 80 species in Sepetiba, south-eastern Brazil (PESSANHA et al., 1999) . However, as BEYST et al. (2001) one must be careful when comparing sites since survey duration and depth have been recognised as confounding factors in such comparisons.
A relevant aspect of our results is the low numbers of benthic species. The presence of only one flatfish species and the complete absence of bathoids is perhaps unexpected when both flatfish species and skates are commonly caught and observed on sandy shores of Santa Catarina (J. P. BARREI-ROS, pers. obs.). The collection method is probably responsible for this fact since these fish are able to bury themselves in sand and thus evade capture. This fact can also explain the low numbers of Synodus foetens. As stated by KUIPERS et al. (1992) , the catch density and the species richness will be a function of their distribution with depth and substratum type, their ability to avoid the gear and the mesh-size selectivity. Net efficiency and shoaling behaviour can increase the difficulty of interpreting the data (GIBSON et al., 1993; LY-ONS, 1986; PIERCE et al., 1990) .
As noted by SANTOS and NASH (1995) , unstressed fish assemblages should show a high species diversity with low similarities in species composition between seasons. The aggregation of CG has a low diversity but still has low similarities between samples. Human-induced pollution and high levels of anthropogenic activity may be the main cause for this situation although there is no data available to support this assumption.
The major changes in the species compositions in CG were due to: i) a decrease in the numbers of Atherinella brasiliensis from April to July, probably related to a decrease in water temperature which this species avoids (CERVIGÓ N et al., 1992) and an increase of Lycengraulis grossidens in July when this species migrates from estuaries to the sea (WHITEHEAD et al., 1988) ; ii) July was also the month in which great numbers of Pomatomus saltator occurred, due to their characteristic winter migrations (see COWEN, 1993, 1996; JUANES and CONOVER, 1995) ; iii) the great abundance of Brevoortia pectinata in October, probably related to the beginning of its breeding season and consequent aggregation in shallow waters (see WHITEHEAD, 1985) and iv) the massive occurrence of Anchoviella lepidontostole, Cetengraulis edentulus and Sardinella brasiliensis in February, together with a great increase in the numbers of Trichiurus lepturus. The first three species are known to prefer warmer waters thus explaining their occurrence in summer (WHITEHEAD et al., 1988) . On the other hand, it is known that juveniles and small adults of T. lepturus make nocturnal migrations to shallow waters whenever these are warm (MEYER and SMALE, 1991) . In Canto Grande, as in most shallow water fish communities, a few species are dominant both in terms of numbers and biomass (ALLEN and HORN, 1975) . Nearby rocky shores apparently do not recruit fish to this sandy beach. None of the rocky shore's common species (e.g. Epinephelus marginatus, Mycteroperca acutirostris, Abudefduf saxatilis, Bathygobius soporator and many Blennidae species) were either present or were common in Canto Grande. As seen, the community is dominated by small pelagic species that use the area as a foraging ground and, for some cases, may recruit to the area for reproduction purposes (e.g. Cetengraulis grossidens, Anchoviella lepidontostole) (BARREIROS et al., unpublished results) .
In conclusion, the fish community of CG is characterised by strong seasonality in which greater abundances, biomass, richness and diversity are found in summer months as normally found in other temperate to subtropical environments.
The community is dominated by pelagic and gregarious species and the presence of true residents is small but probably underestimated.
Further studies are needed in order to have a better understanding of soft sediment shallow areas in Santa Catarina, especially their nursery function. The intensive use of the littoral areas, especially of sheltered beaches such as Canto Grande may affect fish communities in many ways.
